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I.  SUMMARY 


This  report  is  sixth  in  a  series  on  the  motion  of  high  altitude 
balloons  which  have  been  prepared  for  the  Office  of  Naval  Research  under 
contract  Nonr-3164(00) . 

As  the  absorption  of  solar  and  earth  atmosphere  thermal  radiation 
is  an  important  factor  in  the  vertical  motion  of  high  altitude  balloons, 
the  thermal  radiation  properties  of  the  thin  films  that  compose  balloon 
fabrics  must  be  determined.  This  report  presents  the  results  of  property 
measurements  made  with  spectrophotometer,  emissometer,  and  thermal  radi¬ 
ation  measuring  equipment.  The  films  which  were  considered  fall  into 
three  categories: 

a.  Polyethylene^ 

b.  Mylar  Composites 

c.  Other  Fabrics 

Polyethylenes  are  verv  transparent  to  thermal  radiation.  They  have 
sharp,  narrow  bands  at  3.5,  /  and  14  microns.  Mylar  composites  tend  to 
absorb  more  radiation  as  they  have  a  broad  band  of  absorption  from  6  to 
10  microns.  The  mylar  composites  tend  to  be  affected  by  the  reinforcing 
mesh  (usually  dacron)  which  raises  the  absorptivity. 
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II.  INTRODUCTION 


The  performance  of  high  altitude  balloons  is  related,  to  a  great 
extent,  to  the  thermal  radiation  environment  in  which  they  operate. 
Thermal  radiation  to  and  from  the  balloon  system  is  an  important 
mode  of  heat  transfer.  Balloons  absorb  radiation-  from  two  primary 
sources;  the  sun  (direct  radiation  and  earth  albedo)  and,  the  earth 
and  its  atmosphere.  Balloons  also  emit  radiation  as  grey  bodies  in 
the  range  of  temperatures  of  -60°C  to  +30°C.  As  the  helium  gas  is 
virtually  transparent  to  all  thermal  radiation,  the  absorbing  and 
emitting  surface  is  the  thin  polymer  film  which  encloses  the  helium. 

In  the  case  of  a  balloon  floating  at  altitude,  the  rapid  decrease  in 
altitude  following  sunset  is  a  dramatic  example  of  the  effect  of  ther¬ 
mal  radiation  on  the  balloon  system. 

Arthur  D.  Little  has  developed  an  analytical  model  which  represents 
the  vertical  height  time  history  of  a  high  altitude  balloon  system1’2. 

In  order  to  properly  analvze  this  dynamic  system,  the  thermal  radiation 
properties  of  these  thin  polymer  films  must  be  known.  Inspection  of 
these  properties,  particularly  the  absorptivity,  is  of  great  use  in 
predicting  balloon  performance.  Thus,  this  data  should  be  of  importance 
to  the  balloon  system  designer. 
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III.  MEASUREMENT  OF  PROPERTIES 


A.  TECHNIQUES 


Since  these  thin  (.001  inch)  films  are  highly  transparent,  the 
absorptivity  is  difficult  to  measure.  Several  techniques  may  be  used. 

The  spectral  transmissivity  and  reflectivity  may  be  measured  and  the 
absorptivity  deduced  from  these  measurements.  Or  the  back  of  the  film 
can  be  coated  with  a  film  of  highly  reflective  material  (vapor  deposited 
aluminum)  and  the  absorptivity  measured  by  comparing  the  reflected 
radiation  to  the  incident  radiation.  Or  the  emissivity  of  the  coated 
film  may  be  measured  directly  with  a  emissometer.  The  last  two  techniques 
require  highly  sensitive  instrumentation  to  detect  small  differences  in 
radiation  and  that  each  sample  be  coated  with  vapor  deposited  aluminum. 

Considering  the  available  instrumentation  and  the  number  of  samples 
to  be  processed,  the  measurement  of  film  transmissivity  was  chosen  as 
the  most  practical  experimental  technique. 


The  spectral  absorptivity  and  emissivity  of  a  film  that  both  re¬ 
flects  and  absorbs  radiation  are  given  by  the  following  expressions: 

=  1.  -  R(A)  -  T(A)  (1) 

_  (l-Ra)Wl-T(A)) 
l-R(A)  T(A) 

=  wavelength,  microns 
=  spectral  absorptivity 
=  spectral  reflectivity 
=  spectral  transmissivity 
~  spectral  emissivity 
B.  EXPERIMENTAL  EQUIPMENT 

The  spectral  transmissivity  T(A)  and  reflectivity  R(A)  can  be 
measured  by  spectrophotometer  equipment  in  the  solar  (.2  -  3.  micron) 
and  infrared  (1.  -  100.  micron)  spectral  regions.  In  the  solar  spectrum, 
a  Beckman  DK  Spectrophotometer  was  used. 

The  reflectance  attachment  to  this  spectrophotometer  (an  MgO  coated 
integrating  sphere)  was  used  to  make  measurements  of  diffuse  reflectivity 
of  the  front  and  back  of  the  film.  Because  of  the  low  reflectivity, 
accurate  measurements  of  reflectivity  were  not  possible  and  these  measure¬ 
ments  were  not  considered  to  be  valid. 


a(A) 

and  e(A) 

in  which 
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a(  A) 
R(A) 
T(A) 
e(A) 
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Initial  spectral  measurements  indicated  low  values  of  transmissivity^ 
especially  at  the  short  wavelength  (.2  -  .4  micron  portion)  of  the  spec¬ 
trum.  When  the  reflectance  attachment  wis  .mounted  behind  the  sample, 
the  transmissivity  measurement  increased.  We  believe  that  without  the 
use  of  the  reflectance  attachment  as  a  collector,  the  back  surface 
scattering  from  the  original  transmissivity  measurements  was  not  being 
detected.  To  a  great  extent,  the  integrating  sphere  collected  this 
diffuse  scattering  and  provided  £  more  realistic  measurement  of  trans¬ 
missivity.  A  Vitro lite  -  MgO  standard  was  used  to  provide  absolute 
reference  values  of  reflectivity. 

In  the  infrared  region,  a  Perkin-Elmer  Infrared  Spectrophotometer 
(Model  421)  was  used.  This  is  a  double-beam,  optical-null  instrument 
which  requires  no  reference  standard.  The  resultant  measurements  of 
transmissivity  appeared  to  be  satisfactory.  We  believe  that  back 
scattering  is  reduced  at  the  longer,  infrared  wavelengths  and  can  be 
considered  to  be  unimportant. 


CHECKING  TECHNIQUES  AND  EQUIPMENT 


The  spectrophotometers  were  used  to  determine  the  spectral  trans¬ 
missivity  of  the  films.  This  data  must  be  numerically  integrated  over 
the  solar  spectrum  to  obtain  the  total  transmissivity.  Selective  checks 
of  the  total  transmissivity  were  made  by  measuring  directly  the  amount 
of  energy  transmitted  through  the  film.  To  do  this,  a  bismuth-silver 
circular  thermopile  made  by  the  Eppley  Laboratory  was  exposed  to  sunlight 
on  a  clear  day  with  and  without  film  samples  covering  the  3/8  inch  diameter 
sensor.  The  quartz  window  covering  the  sensor  is  transparent  to  solar 
radiation  in  the  bandwidth  from  .3  to  3.  microns. 


As  another  check,  the  room  temperature  emissivity  of  three  balloon 
film  samples  were  measured  after  a  coating  of  aluminum  was  vacuum  de¬ 
posited  on  the  back  side  of  the  film.  An  emissometer  was  used  which  was 
developed  by  Arthur  D.  Little,  Inc.,  for  the  measurement  of  the  emissivity 
of  high  reflective  insulating  films. 
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IV.  CALCULATION  OF  PROPERTIES 


A.  REFLECTIVITY 


As  mentioned,  the  small  amount  of  energy  which  is  reflected  from 
the  surfaces  of  the  film  is  difficult  to  measure  directly  with  sufficient 
accuracy.  Early  attempts  to  do  this  indicated  that  the  reflectivity 
was  less  than  .10.  However,  interference  fringes  were  noted  which  re¬ 
sulted  from  internal  reflections  in  the  film.  The  reflectivity  can  be 
calculated  from  the  refractive  index  determined  by  means  of  the  inter¬ 
ference  fringes.  Let  a  fringe  maximum  at  wavelength  A,  be  numbered  n. 

The  refractive  index,  I  may  be  computed  from  two  values  n. , 
observed  at  the  corresponding  wavelengths  A^,  A^  noted  on  tne  spectrom¬ 
eter  record: 


I 

r 


,  A1  *2 
-  Vu-rt) 


(2) 


where  d  is  the  thickness  of  the  film.  From  this,  the  reflectivity  R 
may  be  computed  according  to  the  Fresnel  formula  (for  normal  incidence) : 


(I  -  l.)2 
R  =  (Ir  +  1.) 


(3) 


We  have  found  that  the  reflectivity  calculated  in  this  manner  was  in  the 
range  of  .04  to  .06  for  most  balloon  films.  We  have  selected  the  value 
of  .05  as  a  standard  value  for  all  balloon  films. 


B.  ABSORPTIVITY  -  SINGLE  PASS 


At  wavelength.  A,  the  radiation  incident  on  the  film  is  1(A).  If 
the  spectral  transmissivity,  T(A)  and  spectral  reflectivity,  R(A)  are 
known,  then  the  energy  absorbed  by  the  film  is 


1(A)  a(A)  =  1(A)  (1  -  R(A)  -  T(A))  (4) 


Integrating  this  expression  over  the  solar  energy  spectrum  and 
the  infrared  spectrum  gives  the  integrated  absorptivity  of  the  balloon 


fabric. 


a(A)  1(A)  dA 


1(A)  dA 


(5) 
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C.  ABSORPTIVITY  -  MULTIPLE  PASS 


Thin  films  of  high  transmissivity  in  a  spherical  shape  absorb  more 
energy  due  to  multiple  passes  and  internal  reflections.  Reference  2 
shows  that  the  effective  absorption  of  energy  of  spherical  shapes  is: 

°eff  *  “  f1  +  A]  <« 

If  the  integrated  transmissivity,  T,  is  high  (.80)  and  the  reflec¬ 
tance,  R,  low  (.05),  then  the  effective  absorptance  of  incident  radiation 
is  nearly  twice  that  of  a  single  pass. 

D.  CALCULATION  PROCEDURE 

The  integration  of  Equation  5  was  carried  out  by  digital  computer. 
The  solar  energy  spectrum  was  used  without  atmospheric  absorption  of 
energy.  The  water  vapor  and  carbon  dioxide  absorbing  bands  may  be  in¬ 
cluded  in  the  calculations,  but  as  balloons  normally  operate  above  these 
layers,  this  attenuation  of  solar  energy  was  omitted.  For  infrared 
spectrum,  the  radiation  energy  spectrum  was  calculated  from  Planck’s 
law.  A  FORTRAN  listing  of  the  computer  program  is  included  in  the 
Appendix. 
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V.  THERMAL  RADIATION  PROPERTIES  OF  SOME  POLYMER  FILMS 


A.  POLYETHYLENE  FILMS 

Twentyrthree  samples  which  were  identified  as  polyethylene  were 
analyzed.  This  material  is  one  of  the  most  transparent  to  solar  and 
infrared,  radiation.  Sharp  absorption  bands  occur  at  3.5,  7  and  14 
microns  in  the  infrared.  There  are  no  noticeable  absorption  bands  in 
the  solar  spectrum.  The  integrated  transmissivity,  t,  integrated 
absorptivity,  a,  and  the  effective  absorptivity,  for  these 

samples  are  listed  on  Tables  I  and  II.  The  transmissivity  of  the  films 
was  measured  from  .22  to  20  microns.  For  room  temperature  and  225°K 
radiant  sources,  the  proportion  of  total  emitted  energy  is  72%  and  58%, 
respectively,  in  this  bandwidth.  Therefore,  an  estimate  of  the  trans¬ 
missivity  has  been  made  from  20  to  100  microns  using  the  measured  value 
of  t  at  20  microns.  The  estimated  effective  absorption,  a  ,  for  the 
spectrum  of  3  to  100  microns,  has  also  been  computed  and  is  listed  in 
Table  I. 

The  integrated  transmissivity  of  these  films  has  been  plotted  on 
Figure  1  for  the  range  of  thicknesses  which  were  tested.  As  films  tend 
to  have  exponential  transmission  characteristics,  the  following  rela¬ 
tionship  is  also  plotted. 

t  =  (1  -  R) e_Yt  (7) 

x  =  integrated  transmissivity 

R  =  integrated  reflectivity  (-Equation  3) 

Y  *  absorptivity  coefficient 

t  =  film  thickness  (rails) 

A  value  of  y  of  .045  is  used  on  the  curve  as  reasonable  correlation. 

The  spectral  transmissivity  of  these  films  has  been  plotted  on 
Figures  2  to  6  for  the  bandwidth  .22  to  3  microns  and  on  Figures  20  to 
26  for  the  bandwidth  3  to  20  microns. 

The  checks  of  the  solar  transmissivity  and  infrared  emissivity 
which  were  made  tend  to  validate  the  computed  absorptivity.  In  most 
cases,  the  variation  was  less  than  5%. 

The  emissivity  of  the  1  mil  polyethylene  film  was  found  to  be 
.215.  This  included  radiation  emitted  from  the  vapor  deposited  aluminum 
coating  on  the  backside  of  the  film.  If  the  emissivity  of  the  aluminum 
is  taken  to  be  .05,  then  the  emissivity  of  the  polyethylene  film  is  .165. 
From  this,  the  absorptivity  can  be  computed  to  be  .835  which  is  slightly 
lower  than  most  values  obtained  from  spectrophotometer  measurements. 
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B.  MYLAR  COMPOSITES 


Mylar  films  exhibit  strong  absorption  bands  from  6  to  10  microns. 
For  a  room  temperature  source  of  radiation,  the  peak  intensity  is  at 
10  microns  and  23 X  of  the  radiant  energy  is  centered  in  the  6-10  micron 
bandwidth.  Mylar,  therefore,  tends  to  have  much  lower  values  of  trans¬ 
missivity  than  polyethylene  for  comparative  thicknesses.  The  addition 
of  a  reinforcing  mesh  (usually  dacron  filaments)  can  only  decrease  the 
transmissivity. 

In  making  measurements  of  spectral  transmissivity,  the  reinforced 
films  were  oriented  for  maximum  and  minimum  transmissivity.  These 
values  were  used  to  obtain  the  integrated  transmissivity. 

The  results  from  the  Eppley  thermopile  experiments  tend  to  indicate 
that  the  lower  value  of  transmissivity  be  used  for  the  transmission  of 
solar  energy.  The  measurements  of  room  temperature  emissivity  also 
indicate  that  the  lower  or  minimum  value  of  transmissivity  is  the  best 
value  for  composite  films.  We  suggest  that  the  minimum  value  be  used  as 
a  representative  value  of  composite  film  transmissivity. 

The  properties  of  G.  T.  Schjeldanl  S-ll,  GT-111,  and  GT-66  fabrics 
are  listed  in  Tables  I  and  II  and  on  Figures  7-12  and  27-29. 

C.  OTHER  MATERIALS 

As  a  service  to  manufacturers  of  balloon  fabrics,  Arthur  D.  Little, 
Inc.  has  performed  tests  to  determine  the  thermal  radiation  properties 
of  various  reinforced  and  plain  films.  These  properties  are  listed  on 
Tables  I  and  II  and  on  Figures  13-19  and  30-45. 

As  urethane  rubbers  have  been  considered  for  superpressure  balloons, 
the  transmissivity  of  two  samples  (.3  and  1  mil)  was  measured  in  an 
unstretched  and  stretched  condition.  In  the  solar  spectrum,  the  trans¬ 
missivity  was  unaltered.  However,  the  transmission  of  infrared  was 
greatly  increased  (1.2  to  3.5  times  the  unstretched  case). 
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VI.  NOTES  TO  THE  BALLOON  DESIGNER 


A.  THERMAL  RADIATION 

The  sun  and  the  earth  and  its  atmosphere  can  be  considered  to  be 
black  body  radiators  at  6,000°K  and  300°K,  respectively.  A  representa¬ 
tive  value  of  the  radiant  energy  radiation  which  is  incident  on  the 
surface  of  the  balloon  is  7.38  Btu  ft  2  min  1  (2.002  cal  cm  ^in  1) 
from  the  sun  and  2.45  Btu  ft  2  min  1  from  the  earth  and  its  atmosphere. 

For  a  one  million  cubic  foot  balloon  (modeled  by  a  l."4  foot  sphere), 
the  solar  radiation  is  assumed  to  contact  an  area  equal  to  the  projected 
area  of  24,075  ft2.  The  earth  radiation  is  incident  on  the  total  sur¬ 
face  area  of  the  balloon  which  is  48,308  ft2.  The  total  incident  radia¬ 
tion  is  89,122  and  113,347  Btu/min  from  solar  and  earth  radiant  sources. 

B.  RADIATION  ABSORPTION 

Referring  to  Figures  1  and  2,  a  1.5  mil  polyethylene  has  an  effective 
absorptivity,  a  of  .12  and  .21  for  solar  and  earth  radiation  band- 
widths,  respectively.  This  value  of  absorptivity  is  the  ratio  of  energy 
absorbed  by  the  balloon  to  the  energy  incident  on  its  surface.  There¬ 
fore,  the  radiation  absorbed  by  the  balloon  fabric  is  10,694  Btu/min  and 
24,852  Btu/min  for  solar  and  earth  sources.  For  a  mylar  scrim,  GT-111, 
(aef^  =  .17  and  .63),  the  absorbed  energy  is  15,150  and  74,558  Btu/min, 
respectively. 

C.  RADIATION  EMISSION 

Balloons  radiate  thermal  energy  at  rates  proportional  to  the  fourth 
power  of  the  absolute  temperature  of  the  fabric.  The  emissivity  of  the 
balloon  is  equal  to  its  absorptivity  if  the  temperature  of  the  fabric 
is  equal  to  the  radiation  equilibrium  temperature  of  the  earth  and  its 
atmosphere.  Thus,  a  fabric  with  high  emissivity  (mylar)  floating  in 
sunlight  is  less  affected  by  solar  radiation  than  a  polyethylene  balloon 
because  the  proportion  of  total  radiant  energy  which  comes  from  the  sun 
is  less  (16%  for  mylar,  29%  for  polyethylene).  This  equilibrium 
temperature  then,  of  a  mylar  balloon,  tends  to  be  less  in  sunlight  than 
a  polyethylene  balloon.  The  ratio  of  absorptivity  of  sunlight  and  emis¬ 
sivity  of  energy  is  .57  for  polyethylene  and  .25  for  mylar.  This  ratio 
is  useful  for  predicting  radiation  equilibrium  temperatures.  Because 
of  the  high  value  of  emissivity,  a  reduction  in  the  environmental 
equilibrium  temperature  will  reduce  the  gas  temperature  of  a  mylar 
balloon  more  than  that  of  a  polyethylene  balloon.  This  reduction  in 
gas  temperature  will  cause  a  mylar  balloon  to  have  less  altitude 
stability  at  sunset  or  over  clouds  or  flying  from  land  to  water. 
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Wavelength  -Mcrans 


5  RAVEN/VISQUEEN  1.5  MIL  ROLL  2580 


Wavelength  -  Mcrons 
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FIGURE  8  23  SCHJELDAHL/GT  66  •  .25  MIL  SCRIM,  MAX 


FIGURE  11  24  SCHJELDAHL/S-11  .35  MIL  SCRIM,  MAX  FIGURE  12  24  SCHJELDAHL/S-11  .35  MIL  SG! 
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OTHER  MATERIALS  (continued)  MANUFACTURER/TYPE 


f 

i 


ef  f 

^3“ 

Cx 

o 

<7x 

VO 

ox 

vO 

vO 

m 

O 

H 

O 

f— I 

00 

H 

vO 

vo 

vO 

a  | 

O 

CM 

rH 

co 

H 

CM 

iH 

H 

• 

• 

• 

• 

• 

• 

• 

• 

a 


<r 

m 

co 

o 


CM 


O 

O 


O  CM 

m  vo 

rH  o 


<r 


r*. 

so 

co 

o 


CM 

<r 

CO 

o 


| 

m 

vO 

<r 

<r 

CO 

H  1 

rH 

co 

CO 

| 

00 

OX 

co 

00 

• 

• 

• 

• 

QJ 

0) 

0) 

1 — 1 

t — i 

rH 

-H 

-H 

•H 

a 

ft 

ft 

/ - L 

o 

O 

O 

"O 

6 

g 

E 

QJ 

B 

p 

B 

3 

a) 

01 

a) 

e 

•H 

#-• 

P 

£ 

H 

P 

■u 

c 

ft 

ft 

ft 

O 

<u 

0) 

0) 

O 

rH 

I — 1 

rH 

ft 

ft 

ft 

ft 

ft 

ft 

M! 

w 

w 

w 

gj 

GJ 

OJ 

a 

U 

a 

GJ  £ 

Gj 

GJ 

Q-  ?H 

a 

Oh  rO 

CO  tH 

CO  GJ 

CO  GJ 

4-1 

4w 

4-1 

CO  >-» 

gj  ^ 

GJ  J-l 

GJ  a) 

<U  0) 

G)  G) 

co  X 

CO  S 

co  X 

O 

o 

00 

vo 

CO 

co 

oo 

m 

m 

o 

00 

o 

vo 

vo 

co 

oo 

CO 

00 

00 

00 

• 

• 

• 

• 

• 

• 

QJ 

QJ 

QJ 

QJ 

! — i 

1 — i 

rH 

rH 

00  CO 

•iH 

-H 

■H 

-H 

c  c 

ft 

ft 

ft 

ft 

o  o 

o 

o 

o 

O 

H  i—5 

f= 

g 

e 

o  gj 

a 

Q) 

oj 

QJ 

4-1  4J 

£ 

p 

P 

c  c 

GJ  GJ 

a  a 

ft 

ft 

ft 

U  u 

(!) 

QJ 

QJ 

0) 

GJ  G) 

rH 

rH 

rH 

*H 

Oh  Oh 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

o 

w 

w 

w 

W 

o  m 

rO 

GJ 


9 

GJ 

T3 

0 

\  QJ 

-»*, 

d 

QJ  O 

GJ 

QJ 

O  rJ 

O 

O 

4J 

QJ  ! 

GJ 

QJ 

\  GJ 

ft  H3 

Oh 

ft 

0  M 

CO  tfl 

C/3  .O 

CO  JD 

GJ  0 

OH 

GJ 

QJ 

N  >> 

QJ  P 

GJ  to 

QJ  ft 

0  H 

Q)  QJ 

GJ  1 

QJ  1 

•H  O 

CO  E 

C/3  C/3 

CO  CO 

&  C4 

rH 

•rl 

6 

ft 

0) 

&  S 

e 

6 

C 

0 

•H 

*H 

•H 

•H 

00 

QJ  P 

P 

GJ 

P 

CM 

2  u 

CJ 

O 

rH 

CJ 

• 

O  W 

CO 

C/3 

PU 

co 

I 


CM 


CO  Ox 

CM  CM 


O  H  CM 

co  co  co 


CO 

co 


21 


Arthur  S.TUttleJnt. 


**1 

1 


ij 

$  _ 

b  I 


eff 

o 

CM 

o 

vD 

CM 

On 

vo 

m 

00 

o 

OH 

m 

ON 

r>* 

CM 

vO 

vO 

rH 

O 

OH 

OH 

vD 

CM 

OH 

o 

CM 

o 

OH 

00 

OH 

vo 

VO 

vO 

*o 

00 

CO 

oo 

co 

I 

CM 

CO 

• 

o 

CM 

• 

o 

o 

o 

o 

o 

o 

o 

« 

o 

o 

o 

o 

o 

o 

V0 

U0 

vO 

00 

oo 

00 

o 

rH 

o 

CO 

CM 

OH 

rH 

o 

in 

in 

m 

CO 

rH 

CM 

VO 

VO 

vO 

OH 

CM 

a 

LO 

rH 

<r 

vO 

CO 

CO 

CO 

CO 

CO 

co 

M- 

<r 

CO 

<r 

rl 

CM 

o 

rH 

o 

o 

o 

o 

o 

* 

o 

o 

o 

o 

o 

o 

o 

< 

*o 

co 

O 

CO 

CM 

<r 

CO 

rH 

rH 

~H 

OH 

CO 

00 

rH 

CM 

1 

to 

co 

vO 

OH 

sr 

MT 

MT 

CO 

m 

sr 

CM 

CM 

CM 

m 

o 

H  1 

OH 

co 

O 

00 

rH 

H 

iH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

rH 

] 

OH 

r- 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

00  CO 

c  c 
o  o 


M  ^ 

0) 

(U 

<u 

<U  0) 

6C 

60 

60 

0.  0. 

CO 

03 

to 

M 

u 

O 

V 

0) 

<u 

O 

> 

> 

O  .H 

< 

< 

< 

<r 

mt 

sr 

01 

.C 

CM 

CM 

CM 

CM 

01 

c 

U 

•H 

rH 

rH 

rH 

c 

0) 

0) 

1. 

1 

1 

1 

\  CO 

i — ! 

X 

X 

X 

X 

X 

<U  .3 

>> 

i — 1 

y  « 

0, 

o 

G 

c 

c 

c 

to  dJ 

o 

0) 

<v 

0) 

a) 

a.  n 

u 

0) 

<v 

ai 

a) 

co  3 

a 

>r 

3 

p 

3 

3 

x 

P-'. 

A! 

0) 

cr 

cr 

cr 

cr 

CO  rH 

rH 

O 

r< 

w 

cn 

co 

CO 

03  0 

O 

E 

3 

•H 

•H 

•H 

•H 

CO  ft. 

0< 

to 

rH 

> 

> 

> 

> 

m  vo 
f>  co 


Arthur  2D.Tlittle.2fnc. 


■erage  .9076 


RECENT  TESTS  (continued)  MANU3'"ACTURER/TYPE 
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